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FIELD OF THE INVENTION 

The invention relates to a retort or furnace for use at high temperatures. 
The invention particularly relates to a retort for use in the pyrolysis of 
carbonaceous materials, especially low rank carbonaceous materials such as 
for instance, brown coal, peat, certain soft lignites, anaerobically decomposed 
plant matter or any combination thereof. The invention may be used to produce 
char or to produce metals or metal alloys from carbonaceous material-metal 
composites. 

BACKGROUND OF THE INVENTION 

Retorts currently used for coal pyrolysis are predominantly horizontal 
refractory lined vessels operated in a batchwise manner. The vessels are 
externally heated in various ways until all the volatiles are removed from the 
brown coal or other carbon containing materials intended for conversion to char. 
The volatiles produced are often directly discharged to the atmosphere to the 
obvious detriment of the environment. Alternatively the volatiles may be 
processed in chemical recovery plants which pose health risks due to the 
production of carcinogenic compounds, such as for instance phenols, 
benzpyrenes, etc. There is also a concomitant risk of long lasting soil 
contamination due to leaks and spillages as well as there being serious waste 
disposal problems. 

While some vertical retorts and shaft furnaces have been previously 
used in the prior art, they have presented some difficulties. When such retorts 
are used in coal pyrolysis, for example, gases released during heating and/or 
pyrolysis of the charge must travel upwards through cooler charge material 
before being able to escape from the top of the retort. Some of these gases 
recondense as they encounter the cooler material, which can cause the charge 
to stick together and obstruct its downward movement. Cleariy such problems 
necessitate minimisation of the volatile content of the charge before it is 
processed. Such pretreatment complicates and lengthens the overall process. 
Moreover, some retorts experience oil and tar drop out in low temperature off 
gas ducts, which is a serious problem. 
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Furthermore, retorts currently in use are often of heavy and/or 
cumbersome design, which restricts the type of environments in which they can 
be used. 

There is accordingly a need for a retort which can operate efficiently with 
5 minimum obstruction of its charge and which* does not require devolatilisation 
pretreatment of its charge. There is also a need for a retort which minimises the 
discharge of voiatiles and toxic chemicals to the environment. There is 
furthermore a need for such a retort which is of simple and lightweight design to 
facilitate its constaiction and maintenance in remote or inaccessible locations. 
10 SUMMARY OF THE INVENTION 

According to the present invention, there is provided a retort including a 
thermally insulated casing defining a fumace chamber therein; 

one or more columns provided within said chamber, each column 
comprising a plurality of vertically orientated, vertically spaced, heat resistant 
15 tubes, wherein the cross-sectional area of each tube is smaller than that of an 
adjacent, lower tube, and wherein the ends of adjacent tubes are arranged so 
as to provide an annular space therebetween. 

an inlet through which a combustible charge is fed into the uppermost 

tube, 

20 an outlet from which reacted charge is removed from the lowermost tube; 

and 

a fluid conduit for conveying combustible voiatiles evolved by heating 
said charge to a gas burning means for combustion, to thereby provide heat to 
said retort. 

25 The present invention also provides a process for producing char by 

pyrolysis of low rank carbonaceous material, said process including the steps: 

(i) forming pellets containing said carbonaceous material, 

(ii) feeding said pellets to the inlet of a retort according to the invention, 

(iii) operating said retort in order to heat the pellets to a combustion 
30 temperature and effect pyrolysis of said pellets to char; and 

(iv) removing said char from the outlet of said retort. 

The present invention further provides a process for producing metal 
from carbonaceous material-metal containing composites, said process 
including the steps: 
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(i) forming composite bodies containing a mixture of carbonaceous material 
and metal containing material. 

(ii) feeding said composites to the inlet of a retort according to the invention, 

(iii) operating said retort in order to heat said composites to a combustion 
5 temperature and effect pyrolysis of said carbonaceous material and 

reduction of the metal containing material. 
DETAILED DESCRIPTION OF THE INVENTION 

Typically, the retort includes one or more heating means for initiating 
combustion of said combustible charge. 

10 The retort of the present invention is especially suitable for use in the 

production of char by the pyrolysis of carbonaceous material, particularly low 
rank carbonaceous material, such as brown coal. Alternatively, the retort can 
be used in the production of metal and/or metal alloys from composites of 
carbonaceous material and metal containing material. The metal containing 

15 material typically comprises one or more metal compounds, such as oxides, 
sulphides, hydroxides, etc. Preferably, the metal compound is a metal oxide. 
The carbonaceous material is preferably brown coal. The composite is 
preferably a brown coal-iron oxide composite in a pellet form, in which the 
carbonaceous material produces reductants upon heating which react with the 

20 iron oxide to produce iron and/or steel. The retort of the invention will be 
described largely with reference to its use in the production of char or metal as 
set out above. However, it is to be understood that the retort is not restricted to 
such use. 

A key feature of the retort of the invention is the provision of one or more 
25 columns, each comprising a succession of vertically spaced heat resistant tubes 
located inside an internally insulated surrounding shell or casing. The casing is 
preferably made of steel, more preferably mild steel. The tubes themselves are 
typically made from a suitable heat and chemical resistant material, such as an 
alloy, which may contain steel. The distance between the columns of tubes and 
30 the shell will vary but should be such as to provide adequate volume for efficient 
combustion of the heating medium used. 

The retort may contain two or more laterally spaced columns, each 
comprising a succession of vertically spaced tubes, in order to increase the 
throughput of material treated in the retort. 
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Preferably the or each column includes three or more vertically 
orientated, substantially coaxial tubes. These are advantageously vertically 
spaced from each other such that there is partial overlap between adjacent 
ends, thereby defining an annular space therebetween. The annular space 
5 enables volatiles evolved during heating and/or reaction of the charge to escape 
therefrom. After the initial start up. combustible volatiles combust at the annuli, 
thereby providing heat for subsequent reaction of the charge, meaning that the 
external heating means can be turned down or off. 

Preferably each vertical tube is suspended at an end thereof within the 

10 retort, allowing free discharge of the charge into the adjacent, lower vertical 
tube. Moreover free suspension of each tube and the absence of joins between 
tubes facilitates thermal expansion and contraction of the tubes and reduces 
failure due to thermal cycling. 

The retort preferably comprises two or more combustion zones. A first 

15 combustion zone is typically located in an upper region of the retort and a 
second combustion zone is typically located in a lower region of the retort. 
Preferably the first and second combustion zones are separated by a wall, and 
together form a unitary body. More preferably, the wall supports one of the 
vertically orientated tubes which is suspended therefrom. Preferably, the first 

20 and second combustion zone each accommodate one or more vertical tubes, 
such that each combustion zone has an annulus between tubes opening 
therein. The provision of more than one combustion zone is advantageous in 
that it enables greater control over the heating process, as will be subsequently 
discussed in further detail. 

25 In the first combustion zone, the temperature of the charge is raised 

causing chemically fixed water to be evolved from the charge. With increasing 
temperature, low temperature coal volatiles are released, then carbon dioxide is 
released from any carbonate breakdown. Finally high temperature coal 
volatiles are released. 

30 In the second combustion zone, the temperature of the charge is raised 

to a value and for a time sufficient to effect the desired reaction, such as the 
formation of char or the reduction to metal, as the case may be. 

Each combustion zone preferably includes a heating means, more 
preferably a gas burner. Preferably, each gas burner is located proximate to an 
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annular space between adjacent tubes. In the case where the charge 
comprises composite pellets, large amounts of water and low temperature 
volatiles are evolved during the initial heating. To avoid pellet breakdown 
during this process, the rate of heating in the first combustion zone is preferably 
5 controlled to be relatively low. 

In contrast, evolution of high temperature volatiles and completion of 
reduction reactions need to occur in the second combustion zone, and 
accordingly higher temperatures are required therein. The provision of a wall 
between the combustion zones assists to maintain relatively lower temperatures 

10 in the first combustion zone and relatively higher temperatures in the second 
combustion zone. However to avoid excessively high temperatures in the 
second combustion zone, which can adversely affect product quality and/or 
damage equipment, it may be necessary to operate under fuel-rich conditions. 
Preferably, the high temperature coal volatiles and reducing gases 

15 evolved from the charge in the second combustion zone are released via an 
open annulus into the first combustion zone where they are mixed with air and 
burnt to provide heat. An extemal heating means, such as an LPG burner is 
preferably provided in each combustion zone to provide ignition and to assist 
with start up of the combustion. Once the combustion reaction has 

20 commenced, the burners can be run as pilot burners on minimum gas flow to 
prevent flame failure. 

The calcination reactions in the first combustion zone typically evolve 
water, low temperature coal volatiles and carbon dioxide. These gases mix 
with partially combusted gases from the charge and then pass to the second 

25 combustion zone, where they are mixed with air and completely combusted to 
produce heat. As previously stated, the initial start up energy in the second 
combustion zone may be provided by an LPG burner, whose supply of gas is 
turned down or off once combustion gases are generated in the primary 
combustion zone. 

30 The greatest proportion of volatiles released from the dry carbonaceous 

material is released in the temperature range 300 to 400°C, which typically 
occurs in the first combustion zone. These volatiles mostly travel downwards to 
an annular space, which means that they pass through material of increasing 
temperature, thereby preventing the prior art problem of recondensation of the 
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volatiles. Similarly, high temperature tar vapours, if present, tend to be released 
in the temperature range of 650 to 750°C, typically in the second combustion 
zone. These vapours also mostly travel downwards to an annular space 
through material of increasing temperature which prevents their recondensation. 
5 The retort preferably further includes a heat exchanger or recuperator. 

Hot waste gases from the second combustion zone are passed into the heat 
exchanger where heat is transferred to incoming combustion air before being 
passed into the first and/or second combustion zones. 

At the base of the retort is provided a discharging means for removing 

10 the reacted charge from the lowermost tube. Typically such discharging means 
comprises a rotary discharge valve which may feed into a chute. 

The retort may additionally include a third combustion zone into which 
pass residual combustible gases exhausted from the second and possibly first, 
combustion zones. The third combustion zone also preferably includes a 

15 heating means, more preferably a gas bumer. These residual combustible 
gases are burnt in the third combustion zone before they pass into the heat 
exchanger and vented to atmosphere. The gases thereby exhausted are low in 
greenhouse gases. The need for a third combustion zone may arise, for 
instance, where the second combustion zone is operated under fuel rich 

20 conditions and accordingly gases exhausted therefrom still contain significant 
quantities of combustibles. 

The column/s of tubes need not be actually housed in the third 
combustion zone. While the first and second combustion zones preferably 
together form a unitary body, the third combustion zone may be a separate unit 

25 to the first and second combustion zones, which is linked thereto via a fluid 
conduit. 

The retort may advantageously also include an integral metal melting 
unit. If present, the melting unit typically communicates with the outlet of the 
furnace chamber, such that the composite pellets are fed thereto after being 
30 reduced. Preferably, the melting unit is located vertically below the outlet of the 
furnace chamber such that the reduced pellets are automatically and 
continuously fed into the melting unit under gravity. 

The melting unit preferably includes an insulated melting chamber for 
receiving the reduced pellets. Once in the melting unit, the temperature of the 
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reduced pellets is raised sufficiently to effect melting of the metal. This may be 
achieved by simple combustion of the carbonaceous material remaining in the 
reduced pellets, possibly aided by injection of an oxidising gas through pipes or 
tuyeres. If necessary, additional fuel may also be added at this time, for 
5 example combustible gases and/or solid materials. Preferably, the oxidising 
gas is preheated, such as by heat exchange with waste gases from the retort, 
and typically comprises air or some other oxygen containing gas. 

Advantageously, the temperature increase in the melting unit is 
augmented by employing an external heating means. Preferably, the external 

10 heating means is an electrical heating means, such as an induction heater, 
resistance heater or a submerged arc. An induction heater is particulariy 
preferred. In the case of an induction heater, the wall of the insulated melting 
chamber typically accommodates a conductor coil, with the metal to be melted 
forming the secondary of a transformer. An induction heater can be used alone 

15 or in conjunction with the oxidising gas assisted combustion. 

The melting unit preferably further includes two outlets : one for slag 
discharge and one for molten metal discharge. The slag outlet is typically 
located higher than the molten metal outlet. 

When the metal melting unit includes an induction heater, the particular 

20 arrangement of slag and molten metal outlets can detemnine whether the metal 
melting unit is used in a continuous or batch mode. The location of the metal 
outlet towards the bottom of the melting chamber, below the conductor coil, 
typically requires the melting unit to be operated in batch mode. This is 
because the reservoir of molten metal within the melting chamber can be 

25 completely emptied. As the metal reservoir forms the secondary of a 
transformer, its intermittent discharge means that the induction heater cannot 
be continuously operated. In contrast, the location of the metal outlet towards 
the top of the melting chamber, and above the conductor coil, ensures that the 
chamber will always contain a reservoir of molten metal and enable 

30 uninterrupted, continuous operation of the induction heater. 

An advantage of the present invention is a retort of light weight and 
simple design, enabling relatively inexpensive construction and maintenance 
which particularly facilitates its use in remote or inaccessible locations. Another 
advantage is that the retort enables high efficiency continuous operation with 
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minimal recondensation of off-gases. Moreover, internal combustion of 
off-gases provides a source of heat and external heating by any desired means 
selected, is largely only needed in the start-up operation. Further, the controlled 
two to three stage combustion of particular embodiments ensures high thermal 
5 efficiency and low levels of greenhouse emissions, such as CO and NOx. 

Advantages of the embodiment of the invention including a metal melting 
unit are: 

(i) Simple gravity flow feed of material from the furnace chamber to the 
melting chamber, requiring no control system between the two 

10 chambers. The feed rate of material through the retort can be simply 

controlled by the output from the melting chamber. 

(ii) Maximised thermal efficiency - the heat and chemical composition of the 
waste gases evolved from the melting chamber can be used in the 
reduction of pellets before they enter the melting chamber. The gases 

15 can be then fully combusted and oxidised to carbon dioxide In the third 

combustion chamber before passing to the heat exchanger where heat is 
recovered. Accordingly, the final gas discharge has a relatively low 
temperature of around SSO^C and virtually no carbon monoxide. This 
compares very favourably with a set up in which melting takes place in a 

20 separate melting chamber where waste gas would be expected to have a 

temperature of around 1500°C or higher and a high carbon monoxide 
content. 

(iii) The transfer of waste heat from the melting chamber to the furnace 
chamber means a higher temperature of reduction. This allows more 

25 carbon to be taken into solution in the steel product and allows a greater 

chance for sulphur removal by reaction with the calcium and magnesium 
in the feed pellets. 



DESCRIPTION OF DRAWINGS 
30 Figure 1 is a vertical cross-section through a first embodiment of a retort 

according to the invention. 

Figure 2 is a vertical cross-section through a second embodiment of a 
retort according to the invention. 
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Figure 3 is a cut-away vertical cross-section through the basal portion of 
a third embodiment of a retort, showing the details of a batch metal melting unit. 

Figure 4 is a cut-away vertical cross-section through the basal portion of 
a fourth embodiment of a retort^ showing the details of a continuous metal 
5 melting unit. 

Referring to Figure 1, a retort 10 includes a thermally insulated metal 
shell or casing 12 defining therein an annular furnace chamber 14. The furnace 
chamber 14 houses a column 15 of heat resistant tubes 16, 18. 20 and 22 
which are vertically orientated and vertically spaced from each other. The 

10 cross-sectional area of the tubes 16. 18. 20 and 22 increases in going from the 
top of the retort 10 to its bottom. Accordingly, the relative cross-sectional area 
of the tubes is as follows tube 16 < tube 18 < tube 20 < tube 22. 

The respective ends of adjacent tubes overlap to thereby form open 
annular spaces 24. 26, 28 therebetween. 

15 The uppemriost tube 16 includes an inlet 17 and accordingly acts as a 

feeder tube through which the charge material 29 is fed into the retort 10. The 
charge moves through the tubes 16. 18, 20 and 22 in succession under the 
force of gravity. An outlet 30 is provided at the bottom of the lowemriost tube 22 
through which the reacted charge 29 is removed from the retort 10. 

20 The furnace chamber 14 is divided into first and second combustion 

zones comprising first and second chambers 14a and 14b, respectively, by a 
transverse wall 34. The combustion chambers 14a and 14b each include a 
heating means comprising a gas burner 31. 32 respectively which provide an 
initial heat source for raising the temperature of the charge 29. The gas burner 

25 32 in the combustion zone 14b is larger than burner 31 in order to provide 
sufficient heat for commencement of combustion. 

A fluid conduit 36 extends from the top of chamber 14a to the base of 
chamber 14b. Gases evolved from heating the charge 29 are evolved from 
open annuii 26 and 24 and travel through the conduit 36 to the chamber 14b, 

30 where they are combusted. 

The retort 10 further includes a third combustion chamber 38 
communicating with the second combustion chamber 14b via a conduit 40. The 
third combustion chamber 38 in turn communicates with a recuperator 42 
through which exhaust gases pass to exhaust outlet 44 under operation of an 
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exhaust fan (not shown). A gas burner 43 is provided inside the third 
combustion chamber 38. A damper 56 regulates the amount of combustion air 
fed to the gas burner 43. 

The recuperator 42 includes an inlet 46 through which is admitted 
5 atmospheric air under action of a fan (not shown), and an outlet 47 through 
which preheated air exits. In the recuperator 42, the heat from the exhaust 
gases is transferred to the incoming air to thereby preheat it and the preheated 
air enters the first and second chambers 14a and 14b via fluid conduits 48 and 
50, respectively. The amount of air flowing into the chambers 14a and 14b can 

10 be regulated by dampers 52, 54 respectively. 

An example of the operation of the retort 10 will now be described. A 
cold charge 29 of composite pellets comprising a homogeneous mixture of 
brown coal and iron oxide fines is fed into the top of retort 10 via inlet 17 of 
feeder tube 16. Combustion air is introduced to chambers 14a, 14b and 38 by 

15 adjusting the dampers 52. 54 and 56, respectively. In order to initiate 
combustion, burners 31 , 32 and 43 are then lit using an external source of LPG 
gas as fuel. The largest burner 32 is adjusted to its maximum firing rate. 

As the pellets in the lower part of the retort begin to heat up, moisture 
and low temperature coal volatiles are emitted from annular space 28. 

20 Combustion of the coal volatiles in turn increases the heating rate. As waste 
gases travel through the recuperator 42, incoming combustion air is heated, 
which in turn further increases heating rate. 

With increasing temperature, evolution of water vapour and coal volatiles 
from the charge 29 commences from annular space 26. The gas burner 31 

25 ignites the coal volatiles. thereby heating the pellets in the upper part of the 
retort 10. Water vapour and low temperature coal volatiles are in turn emitted 
from annular space 24. These, together with waste gases resulting from 
combustion at annular space 26. travel from combustion chamber 14a along 
conduit 36 to combustion chamber 14b, There the volatiles are mixed with 

30 incoming preheated air introduced via inlet conduit 50 and combusted in 
chamber 14b, further increasing the temperature of the charge 29. 

As the pellets dry, devolatiiise, calcine and reduce, they shrink in size. 
Furthermore, the brown coal in the pellets is non-caking. These two factors 
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ensure that the pellets fall freely through the parallel sided tubes without 
bridging and hold-ups. 

With increasing temperature in chamber 14b, the temperature of the 
charge is raised sufficiently for reduction of the iron oxide to occur. Hot reduced 
5 pellets can be removed from the lowermost tube 22 via outlet 30. 
Simultaneously, the charge 29 is replenished by addition of further pellets to 
inlet 17. 

At this stage, the burner 32 may be turned off. or preferably down, to a 
pilot setting. The other two burners 31 and 43 may also be adjusted to pilot 

10 settings at this stage. Preferably the exhaust and combustion air fans (not 
shown) are adjusted to give a slight negative pressure In the chambers 14a and 
14b to prevent leakage of waste gas therefrom. Temperature regulation in 
chambers 14a, 14b and 38 is achieved by adjusting the dampers 52, 54, 56. 
respectively, to control the amount of combustion air entering those chambers 

1 5 (e.g., reducing the flow of combustion air reduces temperature). 

At this stage, the retort 10 is in a continuous operating mode. The 
charge 29 can be continuously replenished by feeding further pellets into the 
inlet 17. As the charge 29 descends under gravity through the column 15, it 
increases in temperature. In the combustion chamber 14a, the charge is 

20 preheated and calcined. There, water is first evolved via annular space 24. 
With further increase in temperature, low. then medium temperature coal 
volatiles are driven off and escape via annular spaces 24 and 26. 

After entering the second chamber 14b, the pellets are maintained at a 
sufficiently high temperature and for a sufficient length of time to effect the 

25 desired level of reduction. High temperature volatiles and gaseous products 
from the reduction, and other, reactions are released which escape from 
annular space 28 and to a lesser extent, annular space 26. Those gases 
leaving annular space 26 are mixed with controlled amounts of combustion air 
entering via damper 52 and partially burnt to provide heat for chamber 14a. 

30 Waste gases from this combustion combine with gases leaving annular space 
24 and are ducted down conduit 36 to the bottom of chamber 14b. These 
gases are mixed with gases leaving annular space 28 and combusted with 
sufficient combustion air to achieve the required temperature in the combustion 
chamber 14b. Any waste gases from the combustion travel via conduit 40 to 




wo 01/38455 



PCT/AUOO/01427 



12 



the third combustion chamber 38. where they are combusted with an excess of 
combustion air thereby ensuring complete reaction of the waste gases to 
provide a substantially clean effluent. The effluent is discharged from gas outlet 
44 via a recuperator 42, where heat from the effluent gas is transferred to 
5 incoming atmospheric air entering via inlet conduit 46. 

Most of the volatiles released in the first combustion zone travel 
downwards to escape from annular space 26, meaning that they pass through 
material of increasing temperature. This substantially prevents the prior art 
problem of recondensation of the volatiles. Moreover, upon escape from 
10 annular space 26. the volatiles are immediately contacted with combustion air, 
entering via conduit 48, and partially burnt, thereby further raising their 
temperature and further preventing recondensation. Recondensation of gases 
escaping from annular space 24 is largely avoided due to their immediate 
mixing with the hot combustion gases they encounter in combustion chamber 



Where high temperature tar vapours are present in the charge 29, they 
tend to be released in the temperature range 650 to TSO^'C, which is typically in 
the second combustion zone. The tar vapours also tend to travel downwards, 
to the annular space 28, through material of increasing temperature, thereby 

20 substantially preventing recondensation of those vapours. 

It has been found that the reduction of iron oxide in the retort 10 can 
occur therein at the relatively low temperature of 950*^0. By contrast, 
conventional bath smelting processes would require a temperature around 
1500**C. The high temperatures reached in the second chamber 14b (and third 

25 chamber 38, if needed) ensure that the reactions therein are maintained at 
sufficiently high temperatures that the effluent gases meet environmental 
requirements- 

A second embodiment of the retort of the invention is illustrated in Figure 
2. The second embodiment 110 is essentially similar to the first embodiment 
30 and like reference numerals accordingly refer to like parts. 

The main difference between the second embodiment and the first 
embodiment is that the second embodiment includes an integral metal melting 
unit 158 which communicates with the outlet 130 of the furnace chamber 114 
via a conduit 162. The outlet 130 is provided at the lowermost part of an 



15 



14a. 
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integral funnel shaped section 160 at the base of the chamber 114. 
Accordingly, the funnel shaped section 160 performs essentially the same 
function as the lowermost tube 22 of the first embodiment in that the gap 128 
between the bottom of tube 120 and the funnel shaped section 160 allows 
5 evolved gases to escape from the charge for combustion, similarly to the open 
annulus 28 of the first embodiment 10. 

The integral metal melting unit 158 includes an insulated melting 
chamber 164 with pipes or tuyeres 166.168 extending into the melting chamber 
158. A hot, oxidising gas, such as air or oxygen, is injected into the melting 

10 chamber 158 through the tuyeres in order to combust carbonaceous material in 
the pellets and raise the temperature sufficiently to effect rhelting of the metal 
therein. The hot oxidising gas is heated by means of heat exchange with waste 
gases expelled from furnace chamber 114. This is effected in an additional 
heat exchanger 167 placed in between the third combustion chamber 138 and 

15 the recouperator 142. However, it is to be understood that the anrangement of 
the recouperator 142 and the heat exchanger 167 may instead be reversed, 
with the recouperator 142 placed intermediate the third combustion chamber 
138 and the additional heat exchanger 167. or the heat exchanger 167 and the 
recouperator 142 can be placed in parallel. 

20 The melting chamber 158 is provided with two outlets : a first, slag outlet 

170 located a short distance below the tuyeres 166,168 and for the removal of a 
slag phase and a second, molten metal outlet 172 located below the slag outlet 
170, for the removal of a molten metal phase. Accordingly, in use, the hot 
reduced pellets are fed into the top of the melting chamber 158 whereupon hot 

25 air. or hot oxidising gas, is injected into the melting chamber to combust 
carbonaceous material in the pellets and raise the temperature of the pellets to 
the melting temperature of the metal. A slag phase may form on top of the 
molten metal phase. Any slag phase which forms is removed via outlet 170, 
which can be closeable by any suitable means, (in this case by moist fireclay 

30 plugs). The molten metal is removed via lower outlet 172, which again may be 
closeable by any suitable means, such as moist fireclay plugs. 

Hot gases produced in the melting chamber 158 include a high 
proportion of carbon monoxide. These gases travel upwardly through the hot 
pellets in the conduit 162 and the funnel shaped section 160, thereby enhancing 
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the reduction of the pellets before they enter the melting chamber 158, and 
supplying further heat to the furnace chamber 114. The gases then join the 
other waste gases from the first and second combustion chambers 114a and 
114b. 

5 A third embodiment of the retort 210 is illustrated in Figure 3 which, for 

simplicity, illustrates the basal area of the retort 210 only. Again the third 
embodiment 210 is essentially similar to the second embodiment 110 and 
accordingly, like reference numerals refer to like parts. 

It will be noted from the cut-away portion of the second combustion 

10 chamber 214b that the retort 210 includes two columns 215a and 215b of heat 
resistant tubes, of which only the respective lowermost tubes 220a and 220b 
are visible. Each of the columns 215a and 215b are arranged in the same 
manner as column 1 15 in the second embodiment (refer to Figure 2). 

The third embodiment is similar to the second embodiment in that the 

15 third embodiment also includes an integral metal melting unit 258. However, 
the integral metal melting unit 258 differs from unit 158 in that it comprises an 
induction heater 276 housed in an insulated melting chamber 264. Induction 
heaters are commonly used in the foundry industry and it will therefore not be 
necessary to further explain their operation. 

20 The integral metal melting unit 258 is located at the outlet 230 of the 

furnace chamber 214. The outlet 230 is provided at the lowermost point of an 
integral funnel shaped section 260 of the furnace chamber 214. The funnel 
shaped section 260 directs the reduced charge from the furnace chamber 214 
into the melting unit 258 via the outlet 230. The gap 228 between the bottom of 

25 tube 220 and the funnel shaped section 260 allows evolved gases to escape 
from the charge as it enters the melting unit 258, which gases are combusted in 
the chamber 214. 

The provision of an integral metal melting unit 258 at the base of the 
retort 210 is advantageous for a number of reasons. One reason is that the 
30 feed of reduced charge into the metal melting unit 258 is automatically and 
continuously achieved under gravity by virtue of the melting unit 258 being 
located vertically underneath the outlet 230 of fumace chamber 214. 

The use of an induction heater 276 in the metal melting unit 258 is also 
advantageous. An induction heater 276 provides better control of temperature 
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in the melting unit 258 as compared with a melting unit relying solely on 
combustion, such as melting unit 158 of the second embodiment herein. The 
use of the induction heater 276 also facilitates start up of the retort of 210. 

Moreover, the use of an induction heater 276 enables higher levels of 
5 metal refining, by virtue of being able to maintain high temperatures in the metal 
melting unit 258 for extended periods of time. Under such conditions, impurity 
removal from molten iron is optimised, especially removal of sulphur, typically 
by reaction with calcium oxide to produce calcium sulphate. Also, carbon 
solubility in the iron melt is favoured, thereby enhancing reducing conditions in 

10 the melt and permitting retention of desirable species having a strong affinity for 
oxygen. One such species is magnesium, which is typically easily oxidised. 

The integral metal melting unit 258 also includes an upper, slag outlet 
270 and a lower, molten metal outlet 272. The slag outlet 270 is located above 
the induction heater 276 and the metal outlet 272 is located below it. In use, 

15 once the reduced charge is melted in the metal melting unit 258, any slag phase 
which forms on top of the molten metal phase is tapped off via the slag outlet 
270. The molten metal phase is tapped off via molten metal outlet 272. Both 
the slag and metal outlets 270, 272 can be closed by removable, moist fireclay 
plugs. 

20 The arrangement of slag and metal outlets 270, 272 requires that metal 

melting unit 258 be operated in a batch mode. This is because the induction 
heater 276 requires the chamber 274 of the metal melting unit 258 to contain 
metal which forms the secondary of a transformer, thereby allowing the 
induction heater 276 to operate. When the chamber 274 is empty, after the 

25 molten metal is tapped off, the induction heater 276 cannot operate. 

A fourth embodiment of a retort 310 having an integral metal melting unit 
which operates in a continuous mode is illustrated in Figure 4. Only the basal 
area of the retort 310 is shown in Figure 4 for simplicity. The fourth 
embodiment is essentially similar to the third embodiment in Figure 3 and. 

30 again, lil^e reference numerals will refer to like parts. For brevity, only those 
features which differ from the third embodiment will be discussed herein. 

The retort 310 includes pipes or tuyeres 366. 368 extending into the 
chamber 374 of the metal melting unit 358. The tuyeres 366, 368 operate 
similarly to the tuyeres 166. 168 of the second embodiment, with a hot. 
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oxidising gas being injectable therethrough in order to combust carbonaceous 
material in the charge. The hot oxidising gas may be heated by means of heat 
exchange with waste gases from furnace chamber 314 using a similar set up as 
that described in relation to the second embodiment. 
5 As mentioned, the metal melting unit 358 is operable in a continuous 

manner. This is achieved by the location of both the slag and metal outlets 370, 
372 above the induction heater 376. This arrangement ensures that the 
chamber 374 will always contain a metal phase, and typically a slag phase also, 
at least up to the level of the inlet 378 of the conduit 380 linking the chamber 

10 374 with slag and metal outlets 370. 372. The continual presence of a metal 
phase in chamber 374 provides the secondary of a transformer, thereby 
allowing continuous operation of the induction heater 376 and. consequently, 
continuous operation of the retort 310 (subject to continued throughput of feed). 
Finally, It is to be understood that various alterations, modifications 

15 and/or additions may be introduced into the constructions and arrangements of 
parts previously described without departing from the spirit or ambit of the 
invention. 
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CLAIMS: 



10 



15 



20 



1. A retort including a thermally insulated casing defining a furnace 
chamber therein; 

one or more columns provided within said chamber, each column 
comprising a plurality of vertically orientated, vertically spaced, heat resistant 
tubes, wherein the cross-sectional area of each tube is smaller than that of an 
adjacent, lower tube, and wherein the ends of adjacent tubes are arranged so 
as to provide an annular space therebetween, 

an inlet through which a combustible charge is fed into the uppermost 

tube, 

an outlet from which reacted charge is removed from the lowermost tube; 

and 

a fluid conduit for conveying combustible volatiles evolved by heating 
said charge to a gas burning means for combustion, to thereby provide heat to 
said retort. 

2. The retort of claim 1 , further including one or more heating means for 
initiating combustion of said combustible charge. 

3. The retort of claim 1 or 2. wherein the ends of adjacent tubes overlap to 
define said annular space. 

4. The retort of any preceding claim, wherein said tubes are made from a 
heat and chemical resistant alloy containing steel. 

5. The retort of any preceding claim, wherein the or each chamber includes 
three or more vertically orientated, substantially coaxial tubes. 



30 



6. The retort of any preceding claim, wherein each vertical tube is 
suspended at an end thereof such as to allow free discharge of said charge 
from an upper tube into an adjacent lower tube. 
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7. The retort of any preceding claim, having no joins between tubes thereby 
facilitating thermal expansion and contraction and minimising failure of the 
tubes due to thermal cycling. 

5 8. The retort of any preceding claim, including first and second combustion 
zones, wherein said first combustion zone is located in an upper region of the 
retort and said second combustion zone is located in a lower region of the 
retort. 

10 9. The retort of claim 8, wherein said first and second combustion zones 
are separated by a wall and together form a unitary body. 

10. The retort of claim 9, wherein one of said tubes is supported by and is 
suspended from said wall. 

15 

1 1 . The retort of any one of claims 8 to 1 0, wherein each of said combustion 
zones accommodates one or more of said vertical tubes such that a respective 
annulus between adjacent tubes opens into each combustion zone. 

20 12. The retort of any one of claims 8 to 11. wherein each said combustion 
zone includes a heating means. 

13. The retort of claim 12, wherein said heating means is a gas burner, 

25 14. The retort of claim 12 or 13, wherein each said heating means is located 
proximate to a respective said annular space. 

15. The retort of any one of claims 8 to 14, further including a gaseous 
conduit between said first and second combustion zones. 

30 

16. The retort of any one of claims 8 to 15, further including a third 
combustion zone for combusting residual combustible gases exhausted from 
the second an/or first combustion zones. 
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17. The retort of any one of claims 8 to 16. further including a heat 
exchanger into which hot waste gases from one or more combustion zones are 
passed to heat incoming gases. 

18. The retort of any preceding claim further including a discharge means for 
removing reacted charge from the lowermost tube. 

19. The retort of any preceding claim, further including an integral metal 
melting unit downstream of the second combustion zone. 

20. The retort of claim 19. wherein said integral metal melting unit is located 
vertically below said second combustion zone. 

21. The retort of claim 19 or 20, wherein said metal melting unit includes an 
insulated melting chamber heated by combustion of carbonaceous material in 
the reacted charge fed thereto. 

22. The retort of claim 21, wherein said insulated melting chamber is further 
heated by an induction heater. 

23. The retort of claim 21 or 22, further including pipes or tuyeres for 
injecting a hot oxidising gas therethrough into said melting chamber. 

24. The retort of claim 22 or 23, wherein said integral metal melting unit 
further includes a slag outlet and a molten metal outlet. 

25. The retort of claim 24. wherein said molten metal outlet is located 
towards the bottom of the molten metal reservoir in the melting chamber and 
said integral metal melting unit is operable in batch mode. 

26. The retort of claim 24, wherein said molten metal outlet is located 
towards the top of the molten metal reservoir in the meltinig chamber and said 
integral metal melting unit is operable in continuous mode. 



• 
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27. A process for producing char by pyrolysis of low rank carbonaceous 
material, said process including the steps: 

(i) forming pellets containing said carbonaceous material, 

(ii) feeding said pellets to the inlet of a retort according to any one of claims 
5 1 to 26, 

(iii) operating said retort in order to heat the pellets to a combustion 
temperature and effect pyrolysis of said pellets to char; and 

(iv) removing said char from the outlet of said retort. 

10 28. A process for producing metal from carbonaceous material-metal 
containing composites, said process including the steps: 

(i) forming composite bodies containing a mixture of carbonaceous material 
and metal containing material, 

(ii) feeding said composites to the inlet of a retort according to any one of 
15 claims 1 to 26, 

(iii) operating said retort in order to heat said composites to a combustion 
temperature and effect pyrolysis of said carbonaceous material and 
reduction of the metal containing material. 

20 29. The process of claim 28, further including the step: 

(iv) feeding the reduced composites to the metal melting unit of the retort 
defined in any one of claims 19 to 26 and heating said composites to the 
temperature of melting of said metal. 

25 30. The process of claim 28 or 29, wherein said metal is iron. 

31. A retort, substantially as herein described with reference to any one of 
the embodiments shown in the accompanying drawings. 

30 32. A process for producing metal from carbonaceous material-metal 
containing composites substantially as herein described with reference to the 
accompanying drawings. 
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